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(57) There is provided a vibration generator that per- 
mits to operate by following a" mechanical resonance 
point. The vibration generator 1 has a vibration genera- 
tion portion 2 having an electromagnetic coil 13 and a 
magnet 1 1 float-fixed by a spring member 1 2. The elec- 
tromagnetic coil 13 is square-wave driven to obtain vi- 
bration force. The vibration generator 1 comprises a 
driving control portion 10 for detecting a driving voltage 
of the electromagnetic coil 13 at a predetermined con- 
stant interval. By the driving control portion 10, a driving 



frequency of the electromagnetic coil 13 is made high 
when an induced voltage waveform of the driving volt- 
age is of rightward increase type, and the driving fre- 
quency is made low when the induced voltage waveform 
is of leftward increase. This permits the driving frequen- 
cy of the electromagnetic coil to be shifted to a reso- 
nance frequency of the vibration generation portion 2. 
Consequently, driving of the electromagnetic coil 1 3 can 
follow a mechanical resonance point so that an suffi- 
ciently large vibration can be obtained. 



FIG. 1 
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Description 

Technical Field 

[0001] The present invention relates to an vibration 
generator favorably adaptable to portable telephones, 
pagers, personal handyphone systems, electric game 
machines, etc. and also provides a portable telephone 
utilizing the vibration generator. 

Background Art 

[0002] Most of the conventional and known vibration 
generators have such a structure that a weight (or bal- 
ance weight) made of a high specific gravity metal is ec- 
centrically held on an output shaft of a small-sized motor 
so that a center of gravity of the weight is shifted or dis- 
placed along with a rotation of a rotor of the motor to 
thereby generate vibration. In case thai the vibration 
generators as described are mounted in portable tele- 
phones, vibration is generated by the weight instead of 
generation of a call sound so that user can be notified, 
by the vibration, of receipt of a call or message, without 
being known to anybody in conference or in a crowd of 
people. Further, with respect to game machines utilizing 
the vibration generators such as car racing game ma- 
chines or battle games, vibration is given to operation 
portions to thereby provided the user of the game ma- 
chines with feelings of virtual reality and so much pres- 
ence of the games. Thus, if effectiveness of use of the 
game machines should be exhibited more remarkably, 
it is necessary to generate vibration of higher amplitude 
and higher energy and, therefore, it has been sought an 
outcome of effective vibration generators that provide a 
higher efficiency. 

[0003] However, in order to provide high amplitude/ 
high energy vibration, the vibration generator of the 
structure described above needs a substantial increase 
of an eccentric weight of the weight and an operational 
capacity. This inevitably results in larger scale of a driv- 
ing motor and, in addition to a problem of high price of 
the weight of high specific gravity metal, has become an 
obstacle to the market requirements for miniaturization 
and cost reduction of the device. 
[0004] Generally, the vibration generators employ, as 
a driving source, DC motors which are likely to generate 
an electromagnetic noise from rectifying brushes and 
the related electric circuits are badly effected by the 
electromagnetic noise. Thus it has been an eminent 
problem how to restrict the electromagnetic noise. 
[0005] Apart from the vibration generators using the 
motors as described above, the other type of vibration 
generators which generates less noises by employing a 
spring member, instead of using a motor, so that a float 
magnet is vibrated by attachment/detachment operation 
of an electromagnetic coil. This system is advantageous 
in respect of cost reduction because of its rather simple 
structure but, on the other hand, it does not provide a 



sufficiently large vibration unless the . electromagnetic 
coil is driven at a resonance frequency which is deter- 
mined by mechanical aspects (such as mass of a spring 
and weight of a magnet, etc.) of the vibration portions of 

s the device. Thus, at present, since there is no finding of 
an effective driving method which can always follow the 
mechanical resonance point, it is likely that the reso- 
nance point of the mechanical system is easily scattered 
due to production dispersion and secular (aged) distor- 

io tion, etc. Thus, the attempt of using spring member as 
a vibration generator is not yet put to practical use. 

Disclosure of Invention 

'5 [0006] As mentioned above, the present invention 
has been accomplished in view of the shortcomings in- 
herent in the prior art vibration generator. It is, therefore, 
an object of the present invention to provide a new vi- 
bration generator that permits generation of high ampli- 

20 tude and high-energy vibration by forcing a driving fre- 
quency of an electromagnetic coil to always follow a me- 
chanical resonance frequency. 

[0007] Another object of the present invention is to 
provide a small-sized and low-priced portable phone uti- 

25 lizing the vibration generator. 

[0008] According to a first aspect of the invention, 
which is referred to claim 1 , there is provided a vibration 
generator 1 having a movable portion 11 fixed by a 
spring member 12 in a floatable manner and a vibration 

30 generation portion 2 with an electromagnetic coil 13, 
wherein the vibration generator comprises a driving con- 
trol portion 1 0 for detecting a driving voltage (Vd) of the 
electromagnetic coil 1 3 at a predetermined constant in- 
terval, increasing a driving frequency of the electromag- 

35 netic coil 13 when an induced voltage waveform of the 
driving voltage (Vd) is of a rightward increase type (that 
is, the driving voltage increases as the time passes), and 
controlling to decrease the driving frequency of the elec- 
tromagnetic coil 13 when the induced voltage waveform 

40 of the driving voltage (Vd) is of a leftward increase type 
(that is, the driving voltage decreases as the time pass- 
es) so that the driving frequency of the electromagnetic 
coil 13 is shifted to a resonance frequency of the vibra- 
tion generation portion 2. 

45 [0009] In the structure described above, variation of 
a superimposed waveform at each driving frequency is 
delected and correction is made to shift the driving fre- 
quency to a resonance frequency, so that fluctuation or 
scattering in production and discrepancies of resonance 

50 points due to deterioration with age can be corrected 
and, the vibration generation portion can be always vi- 
brated at the resonance point and, therefore, high am- 
plitude and high energy vibration generation can be re- 
alized. 

55 [0010] According to a second aspect of the invention, 
which is recited in claim 2, the driving controller portion 
10 has a waveform detection circuit 3 for detecting the 
waveform of the induced voltage whether it is of right- 
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ward increase type, leftward increase type or of sym- 
metrical (or quasi-symmetrical) chevron type, an inte- 
gration circuit for integrating an output of the waveform 
detection circuit 3 to generate a control voltage (VC2), 
and a square-wave oscillation circuit for controlling the 
oscillation frequency by the controlling voltage (VC2). 
[0011] In the structure described above, variation of 
the induced voltage waveform corresponding to the driv- 
ing frequency is converted successively as a variation 
of.DC voltage (controlling voltage VC2) and, therefore, 
the frequency controlling can be easily achieved by us- 
ing, for example, a voltage control oscillator (VCO) as 
the square-wave oscillation circuit. Further, the circuit 
structure can be made simple. 
[0012] According to a third aspect of the present in- 
vention, which is recited in claim 3, the wave detection 
circuit 3 serves to provide sampling of front ends of the 
driving voltage (Vd), comparing a hold voltage thereof 
with the driving voltage (Vd) to thereby detect whether 
the induced voltage wave form is of rightward increase 
type, leftward increase type or symmetrical (or quasi- 
symmetrical) chevron type. 

[0013] In the structure described above, a hold volt- 
age shown by dotted lines in Figs. 3(a), 3(b) and 3(c), 
that is, reference voltage for comparison, is obtained 
and corresponding detected output can be obtained. 
[0014] According to a fourth aspect of the present in- 
vention, which is recited in claim 4, the waveform detec- 
tion circuit 3 serves to provide sampling of both front and 
rear ends of the driving voltage (Vd), comparing hold 
voltages with each other to thereby detect whether the 
induced voltage wave form is of rightward increase type, 
leftward increase type or symmetrical (or quasi-sym- 
metrical) chevron type. 

[0015] In this structure, if the front end of the driving 
voltage is smaller than the rear end of the same, it is 
determined that the induced voltage wave shape is of 
rightward increase type (that is, resonance point is lo- 
cated at a lower position), and if the front end is larger 
than the rear end, the wave shape is determined to be 
of leftward increase or rightward decrease (that is, res- 
onance point is located at a higher position). If the front 
end is equal to the rear end, it can be determined that 
the induced voltage waveform is of symmetrical chevron 
type (that is, resonance point). Thus, the waveform de- 
tection circuit in the fourth aspect of the invention can 
be modified such that it can compare the front end of 
the driving voltage with the rear end of the same. 
[0016] According to a fifth aspect of the present inven- 
tion, which is recited in claim 5, detection of the driving 
voltage (Vd) is conducted at the time of application of 
both positive/negative voltages in the square-wave driv- 
ing. 

[0017] In a case that the electromagnetic coil is driven 
by a square-wave, a peculiar waveform shown in Fig. 2 
is superimposed to the driving voltage of the coil by an 
induced voltage by vibration of the magnet. In other 
words, when driving frequency of the coil is higher than 



a mechanical resonance frequency of the vibration gen- 
eration portion, the induced voltage waveform to be su- 
perimposed is of rightward increase as shown by (f) in 
Fig. 2, and when driving frequency is lower than the res- 

5 onance frequency, the voltage waveform is of leftward 
increase as shown by (g) in Fig. 2. Further, at the time 
of resonance, a symmetrical (or quasi-symmetrical) 
chevron as shown by (h) in Fig. 2 is obtained. 
[0018] According to a sixth aspect of the invention, 

10 which is recited in claim 6, detection of the driving volt- 
age (Vd) is conducted at the time of application of neg- 
ative voltage in the square-wave driving. 
[0019] Whereas in the fifth aspect the induced voltage 
waveform at the time of application of positive and neg- 

15 ative voltages, in the sixth aspect of the invention only 
the induced voltage waveform at the time of negative 
voltage application is detected to correct the driving fre- 
quency (as shown in Fig. 6). In this case, the circuit 
structure of the driving control portion can be simplified. 

20 [0020] According to the first to sixth aspects of the 
present invention, the vibration (oscillation) generator 
can be formed small sized and provide high amplitude 
and high energy vibration and, therefore, the generator 
is optimal as a vibration source for a portable telephone 

25 and the like, so that it can contribute to miniaturization 
and cost reduction of the entire structure of the portable 
telephone and the like. 

[0021] According to a seventh aspect of the present 
invention, which is recited in claim 7, there is provided 

30 a vibration generator 21 with a vibration generation por- 
tion 22 having a spring member 32 ; a permanent mag- 
net 30 and an electromagnetic coil 33, wherein the vi- 
bration generator comprises an oscillation circuit 25 for 
driving the electromagnetic coil 33, a sensor 23 for de- 

35 tecting vibration of the vibration generation portion 22, 
a delay circuit 24 for delaying an output phase of the 
sensor by approximately 90 degrees, and a driving con- 
trol portion 40 for shifting the oscillation frequency of the 
oscillation circuit 25 to a resonance frequency of the vi- 

40 bration generation portion 22. 

[0022] By the structure described above, when the 
electromagnetic coil is driven by a square-wave current, 
a signal obtained in the sensor drives in the first place 
at a portion adjacent to the resonance point to thereby 

45 generate a small vibration aiming at the fact that the 
phase has been advanced approximately 90 degrees, 
and a sensor signal which is obtained at this moment is 
inputted to the oscillation circuit with a delay of approx- 
imately 90 degrees, so that an oscillation frequency is 

50 shifted to a resonance frequency. By this structure, dis- 
crepancy of resonance point in the mechanical system 
due to variation in external circumstances, deterioration 
with age, scattering in production, etc. is automatically 
corrected so that effective and larger vibration force can 

55 be obtained. 

[0023] According to eighth aspect of the invention, 
which is recited in claim 8 : the vibration generation por- 
tion 22 is composed mainly of a U-shaped leaf spring 
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31 having a fixed end, a permanent magnet 30 and an 
electromagnet 33. 

[0024] In the structure of the eighth aspect, the leaf 
spring is made into a U-shape to thereby lengthen the 
substantial length of a vibrating portion thereof, so that 
resonance frequency can be made lower, with the result 
that shifting control to the resonance point can be made 
relatively easily by the driving control portion. 
[0025] According to a ninth aspect of the invention, 
which is recited in claim 9, the oscillation circuit 25 is 
composed mainly of a gate circuit (U1 ), a resistor device 
(R3) connecting an output and an input of the gate cir- 
cuit, and a capacitor (C2) connected between the input 
and the ground. 

[0026] By the structure described, the circuit structure 
can be made simpler, and an effective and low-priced 
vibration generator can be realized. 
[0027] According to a tenth aspect of the invention, 
Ihere is provided a new portable vibration generator. 

BRIEF DESCRIPTION OF THE DRWAING 

[0028] Figure 1 is circuit diagram showing a driving 
control portion for a vibration generator according to a 
first embodiment of the invention. 
[0029] Figure 2 is a diagram showing waveforms of 
each portion of the driving control portion shown in Fig- 
ure 1 . 

[0030] Figures 3(a), 3(b) and 3(c) show waveforms of 
a portion in the driving control portion shown in Figure 
1 , wherein the portion is different from the portions 
shown in Figure 2. 

[0031] Figure 4(a) and 4(b) show examples of vibra- 
tion generator according to the present invention. 
[0032] Figure 5 is a circuit diagram of a driving control 
portion for a vibration generator according to a second 
embodiment of the invention. - 
[0033] Figure 6 is a diagram showing waveforms of 
each portion in the driving control portion shown in Fig- 
ure 5. 

[0034] Figure 7 is a circuit diagram of a vibration gen- 
erator according to a third embodiment of the present 
invention. 

[0035] Figure 8 is a perspective view of the vibration 
generator according to the third embodiment of the in- 
vention shown in Figure 7. 

[0036] Figure 9 is a diagram showing waveforms of 
each portion of the driving control portion in the vibration 
generator shown in Figure 7. 

BEST MODE FOR CARRYING OUT THE INVENTION 
First Embodiment: 



[0037] A first embodiment of the invention will be ex- 
plained with reference to Figures 1 through 4. 
[0038] As shown in Figure 1 , a vibration generator 1 
has a vibration generation portion 2 having a moveable 



portion (a permanent magnet 1 1 ) and an electromagnet- 
ic coil 13, and a driving control portion 10 which drives 
the electromagnetic coil 13 by a square-wave at a me- 
chanical resonance frequency. 
5 [0039] A detailed description of the driving control por- 
tion 1 0 will be made hereinafter with reference to Figure 
1. 

[0040] In Figure 1 , a waveform detection circuit 3 de- 
tects variation (that is, rightward increase, leftward in- 

10 crease or symmetrical chevron) of a superimposed 
waveform (induced voltage waveform) of the coil driving 
voltage. The waveform detection circuit 3 has a sam- 
pling circuit composed of a gate circuit U1 (analog 
switch, for example) which is switched on and off by a 

15 control signal A and a charging capacitor C1 connected 
with an output of the gate circuit U1 . The waveform de- 
tection circuit 3 has a comparator U2, a gate circuit U3 
which is switched on and off by a control signal B. The 
waveform detection circuit 3 is connected, at its minus 

20 (-) input terminal side, to a middle portion of two wind- 
ings L1, L2 of the electromagnetic coil 13, and the mid- 
dle portion of the coil 1 3 is connected with a driving pow- 
er source Vcc through a resistor R7. 
[0041] An integrating circuit (smoothing circuit) 4, 

25 which is composed mainly of a resistor R1 and a capac- 
itor C2, serves to smooth an output Vo of the waveform 
detection circuit 3 to generate control voltage VC2. Re- 
sistors R2 and R3 are bias circuits which provide a pre- 
determined potential when the gate circuit U3 is off, and 

30 values of resistance in each of the resistors are set so 
that a middle potential of the power source Vcc can be 
obtained. 

[0042] A square-wave oscillation circuit 5 has a volt- 
age control oscillator (VCO) designated at U4 which us- 

35 es the integrating output as an oscillating control volt- 
age, and exterior type parts and elements such as re- 
sistors R4 to R6, capacitor C3. The voltage control os- 
cillator U4 can vary optionally the oscillating frequency 
within a predetermined range by the control voltage VC 

*o and, incidentally, when the control voltage VC2 be- 
comes lower, an oscillating frequency becomes higher. 
On the other hand, when the control voltage VC2 be- 
comes higher, the oscillating frequency becomes lower. 
An output side of the voltage control oscillator U4 is con- 

45 nected with the windings L1 and L2 through drivers U5, 
U6, etc. 

[0043] An operational mode of the driving control por- 
tion 1 0 will be described with reference to Figure 2 and 
Figures 3(a), 3(b) and 3(c). 

50 [0044] The square-wave oscillated by the voltage 
control oscillator U4 shown in Figure 1 drives each of 
the windings L1 and L2 at the timing shown by (a) and 
(b) of Figure 2 through drivers U5 and U6. In this case, 
the winding L1 and the winding 12 are alternately sup- 

55 plied with an electric power at a predetermined timing 
(that is : at the positive/negative voltage application in 
the square-wave driving). For example, when the wind- 
ing L1 is supplied with an electric current, the magnet 
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11 is attracted with the electromagnetic coil and, when 
the winding L2 is supplied with an electric current, the 
magnet 1 1 is bounced off from the electromagnetic coil. 
By repetitive operations of the windings L1 and L2, the 
magnet 11 is vibrated at a predetermined driving fre- 
quency. 

[0045] At this moment, a peculiar waveform which is 
correspondent to the driving frequency as shown at (f) 
through (h) in Figure 2 is superimposed to the driving 
voltage Vd of the electromagnetic coil 13 by the induced 
voltage due to vibration of the magnet. Incidentally, 
waveforms (f) to (h) in Figure 2 show partly the super- 
imposed waveform of the driving voltage Vd. In other 
words, when a driving frequency of the electromagnetic 
coil 13 is higher than a resonance frequency of the vi- 
bration generation portion 2, the superimposed wave- 
form is configured to be of rightward increase type as 
illustrated by the waveform (f) of Figure 2 and, on the 
other hand, when it is lower than a resonance frequency, 
it is configured to be of leftward increase type as shown 
by the waveform (h) of Figure 2. Further, at the time of 
resonance, waves of substantially symmetrical (or qua- 
si-symmetrical) chevron type appear as shown by the 
waveform (h) of Figure 2. 

[0046] In the waveform detection circuit 3, the driving 
voltage Vd is subject to sampling for a predetermined 
duration at a timing of control signal A through the gate 
circuit U1 , and electric voltage of its front end portion is 
charged (or held) in the capacitor C1 . The hold voltage 
of this time becomes a reference voltage of a compara- 
tor U2. The comparator U2 compares the hold voltage 
VCt.with the driving voltage Vd of the electromagnetic 
coil;13, wherein the driving voltage Vd was inputted to 
the minus (-) terminal. If the driving voltage Vd is higher 
than the reference voltage VC1 shown by dotted lines 
in waveforms (f) to (h) in Figure 2, an L (low) voltage is 
outputted and, on the other hand, if driving voltage is 
lower then the reference voltage, an H (high) voltage is 
outputted. The gate circuit U3 is connected with a con- 
trol signal B, and the gate thereof is opened only when 
the winding L1 is being driven. 
[0047] Now, if the driving frequency is higher than the 
resonance frequency, an output of the comparator U2 
is almost an L (low) output and, therefore, the control 
voltage VC2 becomes low and an oscillating frequency 
of the voltage control oscillator U4 is shifted to a higher 
region, as shown in Figure 3(a). If the driving frequency 
is lower than the resonance frequency, an output of the 
comparator U2 is almost an H (high) output and, there- 
fore, the control voltage VC2 becomes high and an os- 
cillating frequency of the voltage control oscillator U4 is 
shifted to a lower region, as shown in Figure 3(b). Fur- 
ther, if the oscillating frequency comes to a portion which 
is closely adjacent to a resonance frequency, an output 
of the comparator U2 is placed jnto a state that each of 
the H output and the L output occupies a half as shown 
in Figure 3(c), and the control voltage VC2 maintains 
the electric potential of that time, so that its oscillating 



8 

frequency at that time is maintained. 
[0048] The control voltage VC2 is biased by resistors 
R2 and R3 to a middle potential of the power source Vcc 
while the gate circuit U3 is OFF, that is, during the time 
5 when the winding L2 is being driven, and an oscillating 
frequency of the voltage control oscillator U4 is always 
set to a position adjacent to the resonance frequency, 
so that a responding speed for frequency correction can 
be expedited. 

10 [0049] As a means for detection of the waveform, in- 
stead of the circuit structure described above, many oth- 
er method and devices can be used. For example, 
though not illustrated, both front end and rear end of the 
. driving voltage Vd are subjected to sampling for a pre- 

'5 determined time to compare each of the hold voltages 
and detect its waveform of the induced voltage whether 
It is of rightward increase type, leftward increase type, 
or symmetrical (or quasi-symmetrical) type. In this case, 
if each of the hold voltages at the front end of the driving 

20 voltage is smallerthan that of the rear end, the waveform 
is determined to be of rightward increase type (that is, 
a resonance point is located at a lower portion), and if 
the hold voltages at the front end is larger than those of 
the rear end, it is determined that the waveform is of 

25 rightward increase type (that is, the resonance point is 
located at higher portion), and if the hold voltages of the 
front end are equal to those of the rear end, it is deter- 
mined that the waveform is of symmetrical chevron type 
(that is, resonance point). 

30 

Second Embodiment: 

[0050] A second embodiment of the present invention 
relating to the driving control portion 1 0 will be described 

35 with reference to Figures 5 and 6. 

[0051] In the first embodiment mentioned above, a 
detection timing of the superimposed waveform at the 
time of the coil driving is determined to be made at the 
time of positive/negative voltage application. In the sec- 

^0 ond embodiment, however, the detection timing of the 
superimposed waveform is made only at the negative 
voltage application (that is, at the time when the coil driv- 
ing is OFF). 

[0052] The circuit structure of the driving control por- 
^5 tion 10 in the second embodiment is similar to that of 
the Figure 1 , except that an electromagnetic coil 13 of 
the driving control portion 10 is composed of a single 
winding L which has an end connected with the driving 
power source Vcc and the other end connected with the 
50 output of a driver U6 and the minus (-) input terminal of 
the waveform detection circuit 3. 
[0053] In the structure described above, a square- 
wave oscillated at the voltage control oscillator U4 
serves to drive the winding L at the timing of (a) and (b) 
55 of Figure 6. At this moment, waveforms as shown by (e) 
to (f) of Figure 6 are superimposed to the driving voltage 
Vd of the electromagnetic coil 1 3 at the timing of the coil 
driving being OFF. The superimposed waveform is, as 
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similar as the first embodiment, of rightward increase 
type if the driving frequency of the electromagnetic coil 
1 3 is higher than the resonance frequency of the vibra- 
tion generation portion 2 as illustrated by (e) of Figure 
6. Similarly, if the driving frequency of the electromag- 
netic coil 13 is lower than the resonance frequency, the 
superimposed waveform becomes of leftward increase 
type as illustrated by (f) of Figure 6. At the time of res- 
onance, a symmetrical or quasi-symmetrical chevron 
type waveform appears as shown by (g) of Figure 6. 
Processing thereafter is substantially same as that of 
the first embodiment of the invention described previ- 
ously and no further detailed description will be made. 
[0054] The circuit structure in the second embodiment 
will be made more simplified manner with less number 
of parts and elements than the first embodiment and it 
is more effective to miniaturization purposes. 
[0055] According to the present invention, an atten- 
tion is paid to a change or variation of an induced voltage 
of the electromagnetic coil at each driving frequency so 
that when the induced voltage waveform under the con- 
trol of the driving control portion 10 is of rightward in- 
crease type, the driving frequency is made higher, and 
similarly, when the induced voltage waveform is of left- 
ward increase type, the driving frequency is made lower, 
so that the driving frequency can be shifted successively 
to a mechanical resonance frequency of the vibration 
generation portion 2. Thus, mechanical variation due to 
mechanical dispersion and irregularity (such as disper- 
sion of mass of the spring and weight of the magnet) 
and deterioration with age can be corrected so that driv- 
ing of the electromagnetic coil can always follow the res- 
onance point and, accordingly, the vibration generation 
portion 2 can provide effectively a vibration force of high 
amplitude and high energy. 

[0056] Figures 4(a) and 4(b) show preferred exam- 
ples of the vibration generation- portion 2 according to 
the present invention. 

[0057] In Figure 4(a), the vibration generation portion 
2 has an electromagnetic coil 13 fitted in a tubular yoke 
14, a permanent magnet 11 movably inserted into the 
coil winding, and a coil spring 12 fitted to an end o? the 
permanent magnet 11 so that the magnet is biased to- 
ward the electromagnetic coil 13. In Figure 4(b), the vi- 
bration generation portion 2 has a U-shaped leaf spring 
12, an electromagnetic coil 13 fitted in a yoke 14 and 
fixed to a tip portion of the U-shaped leaf spring, with 
the electromagnetic coil projecting downwardly, and a 
permanent magnet 11 fixed to the lower portion of the 
electromagnetic coil 13 as illustrated. The structures 
shown in Figures 4(a) and 4(b) can be applied to the 
driving control portion 10 of the present invention. 
[0058] As described, the vibration generator 1 of the 
present invention can be made smaller than the conven- 
tional structure utilizing a motor and a weight and, more- 
over, a vibration of high amplitude and high energy can 
be obtained efficiently and, therefore, it is optimally suit- 
able for vibration source for portable telephones. Fur- 



ther, it can contribute to the miniaturization and cost re- 
duction of the portable telephones. 

Third Embodiment: 

5 

[0059] A third embodiment of the present invention 
will be described with reference to Figures 7, 8 and 9. 
[0060] A vibration generator 21 of the third embodi- 
ment has, as a spring member, a U-shaped leaf spring 
10 which is formed by bending a resilient longitudinal plate, 
a permanent magnet 30 fitted to a lower portion of the 
U-shaped leaf spring 32, and an exciting coil 33 which 
is "float-fitted" (or fitted in a floatable manner) to the oth- 
er end portion of the leaf spring 32 in a spaced confront- 

'5 ing relation with respect to the permanent magnet 30, 
so that the exciting coil 33 on the other end portion of 
the U-shaped leaf spring 32 can be moved resiliently 
relative to the other end portion of the leaf spring 32 by 
the effect of resiliency of the leaf spring ilself. A lower 

20 portion A of the permanent magnet 30 is fixed to a vi- 
brated body which receives vibration. In the present in- 
vention, the positional relation between the permanent 
magnet 30 which is positioned at a lower portion of Fig- 
ure 8 and the exciting coil 33 at the upper portion of Fig- 

25 ure 8 can be changed upside down by positioning the 
permanent magnet 30 at the upper portion and the ex- 
citing coil 33 at the lower position so that the permanent 
magnet 30 is float-fitted to the upper end portion of the 
U-shaped leaf spring 32. 

30 [0061] In the third embodiment of the invention, a 
weight or pendulum 34 is fitted to an end portion of the 
leaf spring 32 at the portion adjacent to the exciting coil 
33 so that the weight or pendulum 34 serves to effec- 
tively convert an exciting current to a vibration energy. 

35 Further, a sensor 23 is disposed near the vibration por- 
tion inside the U-shaped leaf spring 32 so that vibration 
is detected. The sensor 23 serves to detect such a small 
vibration (approximately 1 .0 mm of amplitude, for exam- 
ple) and, therefore, a simple structure can be used by 

*o employing a member of an electrically conductive ma- 
terial as a detecting contact, without using switches 
which are available in market. 

[0062] The driving control portion 40 and its opera- 
tional mode will be described with reference to Figures 
^5 7, 8 and 9. 

[0063] An output of the square-wave oscillation circuit 
25 is connected with the exciting coil 33 of the oscillation 
generation portion through the driver U2. The oscillation 
circuit 25 has a two-input NAND gate circuit U1 of a Sen- 
se mitt trigger type, a resistor R3 connected with the NAND 
gate circuit U1 , an integrating loop circuit having a ca- 
pacitor C2. With respect to the oscillation circuit 25, time 
constant is set so that the oscillation circuit 25 is self- 
oscillated at the frequency adjacent to a resonance fre- 
55 quency which is determined by the mechanical factors 
of the oscillation generation portion 22 (such as a total 
weight of the permanent magnet 30, weight 34 and the 
electromagnetic coil 33 and an elasticity strength or a 
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resilient force of the leaf spring 32) at the time when an 
electric power is provided. 

[0064] The vibration detection sensor 23 has a con- 
tact portion which is disposed on a substrate and pulled 
up (connected) to the power.source Vcc by the resistor 
R1. A fixed side A of the leaf spring 32, which is located 
adjacent to the sensor 23 is pulled down (connected) to 
the ground. 

[0065] An integrating delay circuit24 which is com- 
posed of a resistor R2 and a capacitor C1 is constructed 
such that a time constant is set so that a phase of a 
contact signal SO is delayed by approximately 90 de- 
grees. 

[0066] In the structure described above, when an 
electric power is provided to the driving control portion 
40, the oscillation circuit 25 is self-oscillated through the 
timing of (c) and (d) of Figure 9, and its oscillating output 
S3 drives the exciting coil 33 through the driver U2 to 
thereby vibrating the weight or pendulum 34. Vibration 
of the weight or pendulum 34 is shown by (a) of Figure 9. 
[0067] When the pendulum 34 is vibrated, the contact 
of the sensor 23 which has been opened is, in synchro- 
nism with the vibration, driven ON/OFF repeatedly. In 
case of the circuit structure, the contact signal SO is in 
OFF state (open contact state) at the time of non-oper- 
ation or when the electromagnetic coil 33 and the per- 
manent magnet 30 are repulsed or under repulsion with 
each other, and it is in ON state (short contact state) 
when the both elements 33 and 30 are attracted to each 
other. Incidentally, Figure 9 shows waveforms of each 
portion when the driving control operation is conducted 
at the resonance frequency. As illustrated in Figure 9, 
there is a phase difference of approximately 90 degrees 
between the driving signal S4 and the contact signal SO, 
but at the initial moment of power supply, and in the state 
where the driving frequency is not yet sufficiently shifted 
to the resonance frequency, there is a gap or offset (not 
shown) in a phase relation between the contact signal 
SO and the driving signal S4 and, moreover, the vibration 
of the leaf spring 23 is extremely small. 
[0068] An operational control will be explained when 
an oscillation frequency by the oscillation circuit 25 is 
higher than a resonance frequency. The contact signal 
SO is delayed relative to the timing shown in Figure 9 
and its delay signal S1 is inputted into the gate U1 be- 
latedly (with some delay) relative to the gate input S2. 
Consequently, the gale input S2 becomes a signal of a 
waveform which is delayed at a front (earliest) end of 
the ON period and, as a result, the driving current of the 
exciting coil 33 is delayed as mush as the delay of the 
front end of the ON period, so that the oscillation fre- 
quency is lowered. Thus, the oscillation frequency is 
moved more closely to the resonance frequency and fi- 
nally shifted to the portion which is very close to the res- 
onance frequency. 

[0069] If, on the other hand : the oscillation frequency 
is lower than the resonance frequency, the contact sig- 
nal SO is earlier than the timing shown in Figure 9, and 



its delay signal S1 is inputted to the gate U1 earlierthan 
the gate input S2. Consequently, gate output S3 be- 
comes a signal of a waveform such that a rear end of 
the pulse signal is moved forward or advance. As a re- 

5 suit, a driving current of the exciting coil 33 exceeds or 
go ahead of the aforementioned case in which the os- 
cillation frequency is higher than the resonance frequen- 
cy, with the result that the oscillation frequency becomes 
high. Thus, the oscillation frequency comes closer to the 

10 resonance frequency and is shifted to an oscillation fre- 
quency that is extremely close to the resonance fre- 
quency. 

[0070] By the operation of the driving control portion 
40 as described above, in the vibration generator 21 of 
15 this embodiment, a gap or offset of the resonance point 
in the mechanical system, which is caused by produc- 
tion dispersion, deterioration with age or external and 
environmental changes, can be automatically corrected 
or adjusted so thai the device is driven adjacent Ihe res- 
onance point and consequently a large vibration can be 
obtained efficiently. Further, the driving control portion 
40 does not employ a complex feedback control mech- 
anism which is generally used in correction control sys- 
tem or mechanism and, therefore, the circuit structure 
is of extreme simplicity, and this permits realization of 
less expensive vibration generator of high vibration. 
[0071 ] According to the present invention, driving volt- 
age of the electromagnetic coil is detected at a prede- 
termined interval and if the waveform of the induced volt- 
age at that time is of rightward increase type, a driving 
frequency of the electromagnetic coil is made higher, 
and if the waveform of the induced voltage is of leftward 
increase type, a driving frequency of the electromagnet- 
ic coil is made lower. This control permits the driving fre- 
quency of the electromagnetic coil to be shifted to he 
mechanical resonance frequency of the vibration gen- 
eration portion, and mechanical variation due to disper- 
sion and irregularity of the mechanical system and de- 
terioration with age can be corrected so that driving of 
the electromagnetic coil can always follow the reso- 
nance point and, accordingly, the vibration generation 
portion 2 can provide effectively vibration force of a high 
amplitude and high energy. 

[0072] The vibration generator 1 of the present inven- 
tion can be used for a portable telephone to contribute 
to miniaturization and cost reduction of the portable tel- 
ephone. 

[0073] Further, as recited in claim 7, the present in- 
vention provides a vibration generator which comprises 
an oscillation circuit for driving the electromagnetic coil, 
a sensor for detecting vibration of the vibration genera- 
tion portion, a delay circuit for delaying an output phase 
of the sensor by approximately 90 degrees, and a driv- 
ing control portion for shifting the oscillation frequency 
of the oscillation circuit to a resonance frequency of the 
vibration generation portion. By this structure, discrep- 
ancy of resonance point in the mechanical system due 
to variation in external circumstances, deterioration with 
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age, scattering in production, etc. is automatically cor- 
rected so that effective and larger vibration force can be 
obtained. 

[0074] In the vibration generator of the present inven- 3. 
tion, as recited in claim 8, the vibration generation por- 5 
tion 22 is composed mainly of a U-shaped leaf spring 
31 having a fixed end, a permanent magnet 30 and an 
electromagnet 33. The leaf spring is made into a U- 
shape to thereby lengthen the substantial length of a vi- 
brating portion thereof, so that resonance frequency can io 
be made lower, with the result that shifting control to the 
resonance point can be made relatively easily by the 4. 
driving control portion. 

[0075] According to the present invention, as recited 
in claim 9, the oscillation circuit is composed mainly of 15 
a gate circuit, a resistor device connecting an output and 
an input of the gate circuit, and a capacitor connected 
between the input and the ground. Thus, the circuit 
structure can be made simpler, and since the control can 
be made to follow resonance point, an effective and low- 20 
priced vibration generator can be realized. 5. 
[0076] Although the present invention has been de- 
scribed with reference to the preferred embodiments on- 
ly and it should be understood that many modifications 
and alterations can be made within the scope of the in- 25 
vention recited in the appended claims. 

6. 



Claims 



30 



1 . A vibration generator 1 having a movable portion 1 1 

fixed by a spring member 1 2 in a floatable manner 7. 
and a vibration generation portion 2 with an electro- 
magnetic coil 13, wherein the vibration generator 
comprises a driving control portion 1 0 for detecting 35 
a driving voltage (Vd) of the electromagnetic coil 13 
at a predetermined constant interval, increasing a 
driving frequency of the electromagnetic coil 13 
when an induced voltage waveform of the driving 
voltage (Vd) is of a rightward increase type (that is, 40 
the driving voltage increases as the time passes), 
and controlling to decrease the driving frequency of 
the electromagnetic coil 13 when the induced volt- 
age waveform of the driving voltage ( Vd) is of a left- 
ward increase type (that is, the driving voltage de- 45 8. 
creases as the time passes) so that the driving fre- 
quency or the electromagnetic coil 13 is shifted to 
a resonance frequency of the vibration generation 
portion 2. 

50 9. 

2. A vibration generator according to claims 1, wherein 
the driving controller portion 1 0 has a waveform de- 
tection circuit 3 for detecting the waveform of the 
induced voltage whether it is of rightward increase 
type, leftward increase type or of symmetrical chev- 55 
ron type, an integration circuit for integrating an out- 
put of the waveform detection circuit 3 to generate 10. 
a control voltage (VC2), and a square-wave oscil- 



lation circuit 5 for controlling the oscillation frequen- 
cy by the controlling voltage (VC2). 

A vibration generator according to claim 2, wherein 
the wave detection circuits serves to provide sam- 
pling of front ends of the driving voltage (Vd), com- 
paring a hold voltage thereof with the driving voltage 
(Vd) to thereby detect whether the induced voltage 
wave form is of rightward increase type, leftward in- 
crease type or symmetrical chevron type. 

A vibration generator according to claim 2, wherein 
the waveform detection circuit 3 serves to provide 
sampling of both front and rear ends of the driving 
voltage (Vd), comparing hold voltages with each 
other to thereby detect whether the induced voltage 
wave form is of rightward increase type, leftward in- 
crease type or symmetrical (or quasi-symmetrical) 
chevron type. 

A vibration generator according to any one of claims 
1 to 4, wherein the detection of the driving voltage 
(Vd) is conducted at the time of application of both 
positive/negative voltages in the square-wave driv- 
ing. 

A vibration generator according to any one of claims 
1 to 4, wherein detection of the driving voltage (Vd) 
is conducted at the time of application of negative 
voltage in the square-wave driving. 

A vibration generator with a vibration generation 
portion 22 having a spring member 32, a permanent 
magnet 30 and an electromagnetic coil 33, wherein 
the vibration generator comprises an oscillation cir- 
cuit 25 for driving the electromagnetic coil 33, a sen- 
sor 23 for detecting vibration of the vibration gener- 
ation portion 22, a delay circuit 24 for delaying an 
output phase of the sensor by approximately 90 de- 
grees, and a driving control portion 40 for shifting 
the oscillation frequency of the oscillation circuit 25 
to a resonance frequency of the vibration genera- 
tion portion 22. 

A vibration generator according to claim 7, the vi- 
bration generation portion 22 is composed mainly 
of a U-shaped leaf spring 31 having a fixed end, a 
permanent magnet 3CJ and an electromagnet 33. 

A vibration generator according to claim 7 or 8, 
wherein the oscillation circuit 25 is composed main- 
ly of a gate circuit (U1), a resistor device (R3) con- 
necting an output and an input of the gate circuit, 
and a capacitor (C2) connected between the input 
and the ground. 

A vibration generator according to claim 1 or 7, the 
vibration generator is used for and mounted in a 
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